Patterns in the growth of the theropod dinosaur genus Allosaurus.

Riley Sombathy, Department of Biological Sciences, Ohio University, Athens, OH, rsombathy6@gmail.com
Michael D’Emic, Department of Biology, Adelphi Univeristy, Garden City, NY
Results

Gowth data

•Approximate 5-fold variation in maximal growth rates
and body mass in Allosaurus.

Combined Allosaurus Sample

- EFS found (adult)

• Histograms and normality
tests confirm normal distribution of the data (Figure 5).
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Left: Predicted distribution of growth curves under Developmental Plasticity.
Right: Predicted normal distribution of response variables under Developmental Plasticity.
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Materials and Methods
• Specimens CT scaned at Stony Brook University Hospital
• Specimens molded and cast to preserve morphology
• Specimens sampled following histological procedure4
• Individual ages retrocalculated using established methods5
• Masses estimated using Developmental Mass Extrapolation
(DME)6

200
Response variables

Figure 1: A map of localities from which samples were collected and silhouettes of the sample arranged by increasing hindlimb length. The color of the silhouette corresponds to the locality collected. Note: asterisks denote novel samples added in this study.
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Figure 4: Age/Body Mass curves of every
Age specimen used in this study,
note the extreme variability in growth of the sample. Silhouettes of the
specimens from Figure 3 are over their respective growth curves.

Left: Predicted distribution of growth curves under Geographic Variation.
Right: Expected correlation between paleolatitiudes and response variables.
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Maximum Annual Growth Rate
Largest increase in body mass preserved in
the bone.
Asymptotic Body Mass
Body mass at the onset of skeletal maturity
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External Fundamental System
Growth lines clustered at edge of bone,
indicate skeletal maturity4

External Fundamental
System
Figure 3:
Silhouettes of specimens with human for scale, tracing of growth lines throughout sampled bone, and
image from the edge of the same bone. Notes: Arrowheads denote growth lines (LAGs), bone sampled in specimen represented by highlighted bone in
silhouette, External Fundamental System is an indi4

cator of skeletal maturity .
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•Additional studies of Osteocyte Lacunae Density and Volume.
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Figure 6: Results of OLS regressions between robustness indexes
and response variables. Note: Asterisks denote significant correlations. Red lines = OLS, Blue lines = 95% Confidence intervals.

•Reanalysis of the nine hindlimb specimens from Bybee et al. 2006.
•Addition of 16 novel specimens including:
•Specimens reffered to other Allosaurus species.
•Neonatal specimens.
•Allosaurus specimens from different geological layers.
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Two response variables were collected from each specimen:

Figure 5: Histograms of variables with normality curves plotted.
P-values from Shapiro-Wilks tests included.

Future Research

- Hypothesized Line
of Arrested Growth

Figure 2: Photos outlining the methods of preserving the morphology of specimens sampled in
this study and the collection of growth data.
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Left: Predicted distribution of growth curves under Sexual Dimorphism.
Middle: Expected correlation between indicators of robustness and response variables.
Right: Visualization of robustness indicators.
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Abstract
Most Mesozoic terrestrial vertebrates lack a sufficient sample
size for the study of population-level variation in life-history
traits. A notable exception is the well-known theropod dinosaur Allosaurus, which is known from hundreds of specimens found across the western USA and Portugal dating to
the Late Jurassic Period. Published growth curves for Allosaurus based on long bone paleohistology have revealed two
distinct growth patterns within the genus: fast-growing and
slow-growing types that are reconstructed to reach at least a
four-fold difference in asymptotic body mass1–3. To further
explore the causes underlying these two growth types, we
added eight additional specimens of Allosaurus. Individuals
in the sample varied six-fold in asymptotic body mass and
eight-fold in maximum annual growth rates. Four growth
patterns were identified, suggesting developmental plasticity
as the origin of variable growth in Allosaurus, as has been inferred in several other dinosaur taxa.

Hypotheses
Three hypotheses were developed to explain variation in
these two variables:
Developmental Plasticity (H1)
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